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1.  The  reaction  of  1,1,1-trlnitroethane  with  potaBsiura  diethyl 
malonate  has  been  repeated.  The  yield  of  ethyl  2-carbethoxy-U,4- 
dinitrobutyrate  was  Improved  to  36.3')^.  The  structure  of  this  compound 
was  verified  by  conversion  to  4,4-dinltroheptanedlolc  acid. 


9.  The  structure  of  trlraethylamnionlum“?I-(2-nitroethyl-2-nitronate) 
was  proven  by  a successful  displacement  reaction  with  piperidine.  The 
N-(2j?--dinitroethyl)-plperldine  prepared  (in  93.6'^  yield)  by  this 
reaction  Is  identical  with  that  produced  by  the  reaction  of  piperidine 
with  ljl,l-trinitroethane.  N-(?,2-dinltroethyl) -piperidine  was  also 
synthesized  from  dinitromethane  and  W-methylolpiperidlne  by  the  procedure 
of  Duden;  Eock  and  Held. 


3.  Guanidine  reacts  with  1^1,1-trinitroethane  to  give  the 
elimination-addition  product^  2,2-dlnltroethylguanidine_,  in  92^  (crude) 
yield.  The  structure  of  this  compound  was  established  by  an  alternate 
syntheslRi  Guanidine  undergoes  a displacement  reaction  with  N-(2;2- 
dinitroethyl) -piperidine  to  give  2,2-dinitroethylguanJdine  in  28^(  yield, 

4.  Triraethylammonium-N-(2-nitroethyl-2- nltronate)  reacts  with 
bromine  to  give  an  orange  aolid  melting  at  77.5'^  (evolution  of  bromine 
vapors).  Attempts  at  recrystallization  have  yielded  traces  of  trimethyl- 
ammonlum  bromide,  m.p.  244-2A6°;  characterization  of  the  other  compouents 
of  this  reaction  is  still  In  progress. 


5,  To  complete  the  work  on  selective  reduction  of  nltrocarbonyl 
compounds,  the  action  of  sodium,  borohydride  on  4,4-dlnitropentanal 
(67. yield  of  alcohol  using  neutral-basic  medium)  and  5,5-3initro-2- 
hexanone  (78,2^  yield  of  alcohol  using  acid  medlumj  using  neutral- 

ba  sic  medium)  was  studied. 


6.  1-Niti'oaeth/l  cyclohexene  was  prepared  in  o2^  yield  using  the 
procedure  of  Dauuen,  et  al.  kfethyl  U-nitropentanoate  (3^-65^)  and 
dimethyl  l+-methyl-4-’nltroheptanedloate  (20-35^)  were  obtained  in  the 
reaction  of  nitroethane  with  methyl  acrylate  in  the  presence  of  trimethyl- 
amlne  or  Triton  B,  Oxidative-nitration  of  methyl  h-nitropentanoate 
yielded  methyl  4,4-,dinitropentanoate. 


7.  Selective  reduction  of  certain  nitro  esters  to  their  corresponding 
nitro  alcohols  has  been  accomplished  by  the  use  of  lithium  borohydride 
In  refluxing  ethyl  ether-tetrahydrofuran,  Heaction  of  methyl 
i^-nltrobutyrate,  methyl  4-methyl -4-nitropentancate,  methyl  4,4-dinitro- 
pentanoate,  and  methyl  4-nitropentanoate  with  lithium  borohydride  gave 
4-nl.tro-l-butanol,  4-methyl-4-nitro-l-pentatjol,  4,4-dlnitro-l-pentanol, 
and  4-nltro-l-pentanol  in  53,  96,  74-  and  72  per  cent  yields,  respectively. 
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8.  Eeaction  of  methyl  magnesium  iodide  with  2-methyl-l-nitropropene 
in  the  absence  of  free  magnesium  gave  2,2~dlm0thyl-l-nltropropane  (52.2ft>) 
and  ?,?, 5,iT-tetramethyl~l,L-dinltrDbutane  io.k'f).  Reaction  of  methyl 
magnesium  iodide  with  2-methyl-l-nitropropene  in  the  yreeenoe  of  excess 
magnesium  gave  2 ,?-dirr.ethyl-l~nitropropane  (Lj/.j-;  and  o,  3-tetra*- 
methyl'l.,A-dinlti < butane  (6,?%)*  It  was  coricluc.w'l  that  the  presence 
or  absence  of  magnesium  had  no  important  effect  on  reduitive-dimerization 
of  nitroolef ins. 

Renf.-‘  l'^r  o-f"  muf  fiosiua  Mubiodide  (magnesium- magnepiura  iodide)  and 
2- tretuyl-j  • nif/kvpv  op3iie  resulted  in  evceurive  decomposition  of  the  nitro- 
olei  i.ii> 
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DISCUSSION 


(l)  Beactlon  of  oethane  and  PotaBSlum  dlathyl  malonate. 

Reaction  of  potasaium  diethyl  malonate  with  ljl,l-trlnitroethane  gives 
ethyl  S-carbethoxy-Ji-,!;— dinitrobutyrata  as  the  principal  product.  This 
reaction  proceeds  via  an  ''eliminatlon-addition"  mechanlaa^l  the  eq.uation 


follows; 


COgCgHs 

(1)  CH-K+  + CHsC-NOg 
iOgCgHg  NOg 


COgCgHs 

■5»  CHg  + 


NOg 

CHg*Q 


NOa 


+ KWOg 


COgCaHs 

(2)  6h"K+  + 

COgCgHs 


NOg 

CEtgsd 

NOa 


COaCgHs  Mg 

CH CEg-Q 

dOpCgEs  NOg"K:+ 


The  reaction  was  repeated  in  an  effort  to  increase  the  yield  of  alkylation 
product  (the  early  run  gave  yield  of  acidified  and  distilled  material). 

The  modified  acidification  procedure  of  KoimhiiAiii- and  Oraham^  was  employed? 
the  yield  of  distilled  ethy*  2-carhethoxy-4,4-dinltrobutyrate  was  improved  to 
36.3i>. 


The  structure  of  the  product  was  proven  by  conversion  of  its  potaeslum 
salt  to  4,4-dinltroheptanedlolc  acid  (305&  overall  yield)  by  reaction  with 
methyl  acrylate  and  subsequent  hydrolysiB  of  the  adduct  with  hydrochloric 
acid: 


(3) 


COgCgHs  IjjlOg 

CEs-C  + CHgsCH-COgCEa 

COgCgHs  NOg“K+ 


COgCgEg  NOg 

CH CHg-9-CEgCHgC0gCE3 

COgCgEs  NOg  (+  KOE) 


SCI 

reflux  ^ 


N2g 

HOgC-CHgCHg-9-CHgCHgCOgI  + 2C2H5OE  + CH3OH  + COg 
MOg 


The  4,4-dlnltroheptanedioic  acid  had  a neutralization  equivalent  of  127 
(calcd.,  125)  and  melted  at  138.5-140°  (an  authentic  sample^  melted  at 
138-140°  and  mixing  produced  no  depression).  The  intermediate  methyl  ethyl 
2-carbethoxy-4,4-dinltroheptanedioate  was  not  isolated. 

( 2 ) Beaction  of  Guanidine  and  l,lyl"TriDltroethane. 

Guanidine,  a strong  organic  base,  reacts  exothemsally  with 
1,1,1-trlnitroethane  via  an  ''elimination-addition''  mechanism  to  give  the 
alkylation  product,  2,2-dlnitroethyVBuanidine  in  ^2‘j^  yield  (crude): 
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NH  H 

(U)  HsN-C-^Ng 
H 


NOh 

+ CHa-i-NOs 
NOs 


NH 


(5)  HaN-C— p + 

H 


NO2 

CH2=C 

NOs 


re  H 

HsN-C-te'^NOa*  + 

k 


NO2 

CHa=C 

NOa 


NHH+  NOp 
HsN-C-^-CHa-i 
J t^Oi" 

NH  NO2 

HaN-C-NH-CHp-CH 
NOa 


The  ultraviolet  absorption  spectrum  of  2,2-dinitroethylguanldine  (in  excess 
base)  shows  the  characteristic  strong  absorption  band  attributed  to  the  gem- 
dinitro  anion  at  (log^  s ^.23)}  the  spectrum  Is  quite  similar  to 

those  of  N-(2_,P-dinltfoethyl) -piperidine  and  trimethylammonlura-N-(?-nitro- 
ethyl-?-nitronate) . The  infi'ared  spectra  of  the  three  aroino-dinitro  compound 
(in  Nujol  suspension)  do  not  show  the  sharp,  strong  band  at  normally 

observed  for  compounds  containing  the  gem-dinitro  group;  weak  bands  are 
observed  at  6,6-6. and  ?A- 7.5/'-' (^ut  these  are  obscured  by  the  powerful 
absorption  of  Nujol  at  6.7-6,^t^  and  7.2-7. . This  evidence  indicates  tin 

2,2-dirjltrcethyiguanidine  may  exist  preferentially  in  the  "zwitterion'’ 

(or  "betaine")  form.  This  suppositloo  is  further  supported  by  the  salt-like 
characteristics  of  this  product.  It  is  also  of  interest  that  dilute  aqueous 
solutions  of  2,2-dlnitroethylguanldine  are  slightly  acidic. 

2,2-Dinitroethylguanidlne  gives  a positive  nitrosamine  (Liebermann)  test. 

At  first,  it  was  believed  that  nitrosoguanidine  might  be  present  ss  an 
impurity  (this  could  arise  from  the  decomposition  of  guanidine  hydronitrite): 


NH  NH 

(6)  H2N-C-NH2  NOs" — » H2N-C-NH-NS0  + H20 

When  recrystalllzed  samples  of  2,2-dinitroethylguanidlne  gave  positive  tests, 
it  was  concluded  that  the  action  of  concentr.->.ted  sulfuric  acid  on 

2,2-dinitroethylguanidine  results  in  the  elimination  of  nitrous  acid  (as  also 
happens  when  alkali  metal  salts  of  1,1-dinitroalkanes  are  acidified);  the 
nitrous  acid  reacts  with  phenol  to  give  the  colored  nitrosophenol  derivative. 
To  substantiate  these  observatiors.  the  Liebermann  test  was  run  on 
tric.eti.yTacimoniuiL-N-(2-nitroethyl  2- nitrous  i-e)  and  o'n  two  samples  of 
N- (, 2, 2 -dlnitroethyl.' -piperidine  ''cr.e  sarapLc  was  the  product  of  the  reaction 
of  piperidine  and  1, 1,1-trinitroeihane,  the  other  was  prepared  from  N- 
methylolpiperidlne  and  dinitromethane;  see  below) . In  each  case,  a positive 
test  was  obtained.  As  a control,  the  test  was  run  on  1,1-dinitrobutane; 
the  result  was  negative, 

( ^ ) Proof  of  Structure  of  N-(2,2-dinitroethyl) -pipe r id^ e . 

It  has  been  previously  reportet^ that  reaction  of  piperidine  and 
1,1,1-trlnitroethane  yields  N-(2,2-dlnitroethyl)-piperidine  and  piperidine 
hydronltrlte: 
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^ CHj?-CH2^ 

(7)  ?CH2  NH 


+ 


NOa 

CHs-C-NOa 


NOa 


CHp-CdE  NOp 

CHs'^  N-CHa-C-NOs  i- 

'^CHg-CHs''  h 


,CBb-GH£v  . 

CDa  NHaNOi 

■^CHa-CHs'^ 


Proof  of  structure  of  N-(2;2-dinitroethyl) -piperidine  has  nov  been  completed 
by  synthosis  of  this  compound  hy  the  melhuu  of  Duden,  Bock,  and  Keid''(the 
previous  investigators  did  not  report  any  physical  constants  for  N-(2,2- 
dinitroethyl) -piperidine) : dinitromethane  (prepared  in  31%  overall  yield 
from  nitromethane  via  l-nitro-P-propeu-^l  and  l,l-dinitro-2-propanol)  in 
cold  ethyl  ether  vas  shaken  with  N-methylolpiperidine  in  aqueous  suspension. 
N-(2,2-3initroethyl)-piperidine  separated  as  a yellov  salt  (93.6%), 
m.p.  108.0-108,5°;  this  material  did  not  depress  the  melting  point  of  the 
product  of  reaction  of  piperidine  and  1,1,1-trinitroethane, 


(8) 


,GH2-CH2.  ^CH2-CH2. 

CH2(N02)2  + HOCHo-N  CH2  V (CaN)2CH-GH2-N'  ^'cEp  + ■ 

^Gfl2-CH?  "CE2-CH2 


( k ) Proof  cf  Structure  of  Trlmethylammonlum-N-(2-nltrcethyl-2-nitron'i 

It  has  been  previously  reporte(^ that  reaction  of  trimethylamine  and 
1,1,1-trinitroethane  yields  trimethylammonium  -N-(2-nitroethyl-2-nitronate) : 

(9)  2(CH3)3N  + GH3-C(N02)3 ^ (CH3)3-N-GH2-C-(N02)i  + (CH3)3-NH  NOe" 

Proof  of  structure  of  trimethylammonlum-N-(2-nitroethyl-2-nitronate)  has  nov 
been  established  by  displacement  vith  piperidine  in  warm  water  to  yield 
N-(2,2-dinltroethyl)-piperidine  in  95.6%  yield;  N-(2,2-dinitroethyl) -piperidirc-j 
was  verified  by  its  melting  point  and  by  mixed  melting  point  with  an  authentic- 
sample  , 

^CH2-CH2v  + 

(10)  CH2  NH  + (CH3)3-N-CH2-C-(N02)2  ^ 

''CH2-CH2^ 


^CIl2-GIl2N4. 

CHg  N-CIT2-C-  :N02)2  -»•  (GH3)3N 

■^GH2-GH2  ^ 


(5)  Proof  of  Structure  of  2,2-Dinltroethylguanidine 

Reaction  of  giianidine  and  1,1,1-triritroethcne  ha-,  teen  reported  (page  l;t 
give  2,2--dinitroethylguanidine  and  guanidic^,  uydrcuitrite: 

NH  fP 

(11)  2H2N-^-NH2  + CH3-C(N02)3 > H2N-C-NE2-CH2-C(N02)2  + HaN-C-NHa  NOa 
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Proof  of  structure  of  9,9-dinitroethylguanidiae  has  been  obtained  by- 
exchange  of  guanidine  with  trimethylammonium-N-(9-nitroethyl-2-nitronate); 
-dinitroethylfeuanidine  was  obtained  in  2&‘f>  yield.  X-ray  diffraction 


••  W Cr  W 4k  w 


?,2=dinitroethylguanidine  prepared  by  both  reactlonB  are  identical. 


NH 

II 


(12)H2N-C-NH2  + (CH3)3-N-CHa-C(N02)? 


NH+ 

' (CH3)3N  + HsN-C-NH2-CH2-C(N02)2 


(6)  Selective  Reduction  of  Nitrocarbonyl  Compounds  with 
Sodium  Borohydride, 

It  was  previously  report ed/'?;Wt^  5-methyl-5-nitro-2-hexanone,  5-nitro-2- 
hexanone,  5-nitro-2-pentanone,  U— methyl-i»-nltropentanal,  5i5-dinitro-9- 
hexanone,  and  4,4-dinitropentanal  are  reduced  to  their  corresponding  alcohols 
by  the  action  of  alumimim  Isopropoxide  in  93. 3^  ^8.0^  89. 3^ 

87.9  and  62.8  percent  yields,  respectively.  Similarly/'^5-inethyl“5“nltro- 
2-hexanone,  5“nltro-2-hexanone,  5-nitro-2-pentanone,  U-methyl-U-nitro- 
pentanal,  i^-nitrobutanal,  5i5-dlnltro-2-pentanone,  4,i4-,4-trinltrcbutanal, 
and  5^5j5-trlnitro-2-pentanone^re  reduced  to  their  corresponding  alcohols 
by  acidic  sodium  borohydride  in  98.7,  50-7,  66.6,  54.8,  35.4,  48.5,  72, 
and  60  per  cent  yields. 


5, 5“diuitro-c-hex&uone  aud 


To  complete  these  studies, 

4.4- dinitro-l-pentanal  with  both  acidic  and  neutral-basic  sodium  borohydrid. 
were  investigated.  5,5-Einitro-2-hexanol  and~57^-dinitro-l-pentanol  were 
obtained  in  54.5  and  67.6  per  cent  yields,  respectively,  from  their  corres- 
ponding carbonyl  compounds  by  the  action  of  neutral-basic  sodium  borohydride; 

5.5- Dinitro-2-hexanone  is  reduced  in  78,2  per  cent  yield”to  5, 5-dinitro-2- 
hexanol  by  aojAte  sodium  borohydride . The  neutral-basic  reaction  is  more 
convenient  end  can  be  completed  in  a few  minutes;  this  technic  is _t o be 
reconimended  for  compounds  that  are  not  sensitive  to  the  action  of  mild  bases. 

( 7 ) Peductlon  of  Nltroesters  with  Lithium  Borohydride;  Nitroalcohols 


The  selective  reduction  of  nltrcailphatic  acid  dorivatives  has  been 
previously  limited  to  the  conversion  of  nitro  acid  chlorides  into  nitro- 
alcohols with  sodium  borohydride.^  Recently,  it  has  been  reported  that 
certain  nitro  esters  may  be  converted  into  nitroalcohols  by  lithium  aluminum 
hydride  at  low  temperatures.  In  order  to  develop  a more  general  and 
convenient  method  for  reducing  nitroallphatic  acid  derivatives,  reactions  of 
nitro  esters  with  lithium  borohydride  have  been  studied. 


li-chium  borohydride  has  a higher  reduction  potential  than  sodium 
borohydride.  Lithium  borohydride  wrll  rei.'uce  ester  groups  to  alcohols; 
however,  nitro  groups  are  unattacked.  The  advantages  of  lithium  borohydride 
thus  are:  (l)  it  reduces  esters,  acid  chlorides,  and  other  carbonyl  compounds 
without  affecting  the  nitro  group  and  (2)  it  is  soluble  in  organic  solvents 
such  as  ethyl  ether  and  tetrahydrofuran.  It  Is  also  soluble  in  water  and 
methanol  and,  with  proper  buffering,  can  be  used  in  these  solvents  in  much 
the  same  manner  as  sodium  borohydride. 


Methyl  4-nltrobutyrate,  methyl  4-nitrnpeutenoate,  methyl  4-methyl- 
4-pitropentanoate,  and  methyl  4,4-dinitropentanoate  have  been  reduced  to 
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their  corresponding  alcohols  In  72,  96  and  8^^  per  cent  yields,  respec- 
tively, with  lithium  borohydride  (methyl  4,4-dinitropentanoate  vas  prepared 
by  oxidative-nitration  of*  methyl  4-nitropentancate ) » The  reaction  technic 
for  small  scale  reductions,  i.e.,  0.1  to  0.3  mole,  is  simply  mixing  the  nltro 
ester  with  a standardized  solution  of  lithium  borohydride  solution  and 
then  refluxing  the  mixture  for  2-4  hours,  Eefinoments  will  probably  be 
advisable  for  larger  scale  reductions. 

The  reduction  of  esters  with  lithium  borohydride  yields  a mixture  of 
alkyl  borates  and  lithium  alkoxlde;  thus  methyl  esters  give  borate  esters 
of  metlMinol  and  the  nitro  alcohols  produced  and  lithium  methoxide.  If  the 
nitro  group  present  is  capable  of  existing  in  the  aci-form,  the  lithium 
alkoxide  will  convert  such  nitro  groups  to  their  lithium  salts.  This 
occurrence  is  noted  in  the  reduction  of  methyl  4-nitrobut3rrate  and  methyl 
4-nitropentanoate^  white  insoluble  nitronate  salts  are  formed  which  may  undergo 
the  Nef  reaction  upon  acidification.  The  rate  of  salt  formation  is  greater 
with  methyl  4-nitrohutyrate  than  with  methyl  4-nitropentanoate . 

While  nitro  groups  are  not  reduced  rapidly  by  lithium  borohj^dride 
solution,  in  the  reduction  of  methyl  4-nitrobutyrate,  appreciable  quantities 
of  colorless,  flammable  gas  were  evolved.  This  may  result  from  the  alkoxide 
formed  by  reduction  of  the  eater  group:  the  nitronate  ion  producedi  may  react 
with  lithitun  borohydride  to  form  the  lithium  nitronate  salt  with  subsequent 
exchange  and  decomposition  of  the  borohydride  ion  into  hydrogen  and  di- 
borane  (tentative).  Thus,  in  cases  when  decomposition  of  the  reducing  agent 
via  salt  formation  is  faster  than  reduction  of  the  ester,  excess  hydride  is 
used  to  compensate  for  the  loss  incurred  by  neutralization  of  the  nitro 
group. 

Decomposition  of  reaction  mixtures  in  which  nitronate  salts  have  formed 
should  be  effected  at  low  temperatures  using  reagents  such  as  urea -phosphoric 
acid  that  will  minimize  the  Nef  and  other  side  reactions. 

Initial  decomposition  of  the  reaction  products  yields  an  aqueous 
ethereal  mixture  containing  lithium  phosphate,  nitro  alcohol  and  borate 
esters  of  the  nitro  alcohols.  Hydrolysis  of  the  borate  esters  is  conveniently 
accomplished  by  acidifying  the  mixture  to  pH  1 with  hydrochloric  acid  and 
refluxing  for  15  to  30  minutes.  It  is  convenient  to  remove  the  solvent  at 
this  point  by  distillation.  The  hydrolyzed  residue  is  cooled  to  room 
temperature,  saturated  with  ea3'.,  and  extracted  with  ether.  The  ether  extract. s 
contain  the  nitro  alcohol*  the  oitro  alcohol  may  he  obtained  after  removal 
of  solvent  and  distillation. 


(8)  Reaction  of  Grlgnarc*  Heageots  with  »£>-Nltrolefine: 
Beductive-Diraerlzatioj-. 

It  has  been  previously  f:h(  in  in  this  laboratory^  that  reaction  of 
methyl  magnesium  iodide  with  2-ncthyl-l-nitropropene  yields  2.2,3, ^-tetra- 
methyl-l,4-dinitrobutane  along  oi-^h  2,2-dimethyx-l-nitropropane  (Equation  15). 
Similarly,^  reaction  cf 
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methyl  magnesixim  iodide  vith  1-nitro-l-propene  givea  d,l  and  meso 
2,3-(iiinethyl-l,4~dinitrobutane  along  with  2-methyl-l-nitropropane.  The 
formation  of  dimeric  adducta  from  reactlona  of  alkvl  Grl^nard  raacents  with 
conjugated  nitroolefina  appears  general  and  thus  reactions  of  this  type  have 
been  classified  as  involving  reductive-dimerization.  A study  has  been 
initiated  therefore  to  develop  a general  method  for  reductive-dimerization  of 
conjugated  nitroolefina. 

There  have  been  reported  many  cases  in  which  the  presence  of  free 
magnesium  in  a Grlgnard  reaction  promotes  reduction.  In  order  to  study  the 
Influence  of  this  variable  on  the  course  of  the  dimerization  reaction, 
reactions  of  methyl  magnesium  iodide  and  2-methyl-l-nitropropene  were 
conducted  in  the  presence  and  the  absence  of  free  magnesium.  It  was  found 
that  yields  in  the  two  reactions  were  aljnost  identical  (ca.  45^  2,2- 
dimethyl-l-nitropropane  and  6^  2,2,5,5-tetramethyl-l,4-dinitrobutane) j 
it  was  concluded  therefore  that  reductive-dimerization  is  not  greatly 
influenced  by  free  magnesium, 

Gomberg  and  Bachmann***  have  shown  that  magnesium  sub-iodide  promotes 
reduction  of  various  conjugated  unsaburated  compounds.  Magnesium  and 
magnesium  Iodide  are  in  equilibrium  with  magnesium  sub-iodide  (Equation  l4); 

(14)  Mg  + Mgl2  2*MgI 

even  though  the  concentration  of  Mgl  is  very  low  at  equilibrium,  it  has 
been  proposed  that  the  concentration  of  Mgl  is  sufficiently  great  to  effect 
reduction  of  conjugated  unsaturates.  Since  Mgl  is  probably  present  to  some 
extent  in  Grlgnard  reactions  of  methyl  iodide,  a study  of  the  effect  of 
Mg-Mgl2  on  2-methyl- 1-nltropropene  has  been  started.  In  the  initial 
experiments,  2-methyl- 1-nltropropene  has  been  found  to  be  decomposed  and 
no  identifiable  products  have  been  isolated  as  yet.  Further  results  of 
studies  of  reactions  of  this  type  will  be  reported  at  a later  date. 
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(1) 


Preparation  of  Ethyl  2-Carbethoxy-4,ii— dlHitrobutyfate 
( Improved  Procedure 


liethyl  malon.,  oa  (55*2  g.#  0.22  mole)  was  added  to  a solution  of 
potassium  (8,6  g,,  0,22  mole)  in  absolute  ethanol  (UOO  ml.)  Upon  heating 
the  mixture  to  79°/  the  white  precipitate  of  potassium  diethyl  malonate 
diasolved,  l/l_,l-Trinitroethana  (l6.5  g./  0.10  mole)  in  absolute  ethanol 
(50  ml.)  was  than  added  at  a rate  such  that  ebullition  was  maintained 
(0,5  hour).  The  solution  color  changed  to  deep  red.  Toward  the  end  of  the 
addition,  heat  had  to  be  applied  to  keep  the  solution  refluxing,  A yellow- 
orange  salt  soon  precipitated.  The  reaction  mixture  was  cooled  and  stirred 
in  an  ice-w'ater  mixture  (3  hours),  then  filtered.  The  powdery,  yellow- 
orange  salt  obtained  weighed  27.5  g.  A sample  of  this  salt  gave  a positive 
test  for  nitrite  ion  (liberation  of  iodine  from  a solution  of  sodium  iodide 
acidified  with  acetic  acid). 


The  salt  was  suspended  in  water  (100  ml,)  with  stirring  and  the  mixture 
was  cooled  to  0-3°.  Urea-acetic  acid  reagent  (8k  g.,  0.23  mole  each  of  ur.,.H 
and  acetic  acld)2  vas  precooled  to  0-3°,  then  added  dropwise,  in  4-5  minuteK, 
to  the  salt  solution.  The  acidified  solution  was  extracted  with  ether; 
the  ether  extract  was  then  dried  with  calcium  sulfate.  Distillation  of  the 
product  at  reduced  pressure,  gave  ethyl  2-carbethoxy-k,k-dlnltrobutyrate 
(10,09  g.;  36,3^  converslonj/  b.p," 126-130^  ( 1.1  am.). 

(2)  Proof  of  Structure  of  Ethyl  2-Carbethcxy-4,k- dlnltrobutyrate. 

Converslop  to  4.4-Dipitroheptanediolc  Acid. 

Methyl  acrylate  (l,50  g./  0,015  mole)  was  added  tc  a stirred  mixture 
of  ethyl  2-carbethoxy-4,4- dlnitrobutyratey'  potassium  hydroxide  (0.434  N, 

11.5  ml./  0,00499  mole)/  and  water  (l4  ml.)  at  0-5®.  The  solution  was 
stirred  at  0-5®  for  2 hours,  then  at  room  temperature  for  18  hours.  The 
color  of  the  mixture  changed  slowly  from  light  yellow  to  deep  amber,  and  a 
dense  oil  settled  out.  The  mixture  was  extracted  with  ether;  the  organic 
extract  was  concentrated  by  distillation.  Concentrated  hydrochloric  acid 
(30  ml.)  was  added  to  the  residue,  and  the  mixture  was  heated  to  135-140°, 
After  4 hours,  the  oil  had  dissolved.  Heating  was  continued  for  another 
hour.  Charcoal  was  added  to  the  hot,  red  solution,  and  the  mixture  was 
immediately  filtered.  After  evaporation  of  most  of  the  aqueous  solution, 
crude  4,4-dlnltroheptanedloic  acid  (0.375  g.,  50^  conversion),  m.p,  135-137’,5 
crystallized.  After  recrystaliization  from  hot  water,  the  acid  melted  at 
138.5-140°;  neut.  equlv,  (calcd.)  125,  neut.  equiv.  (found)  127.  An 
authentic  sample,  prepared  by  the  hydrolysis  of  dimethyl  4,4-dinitro- 
heptanedioate,^  melted  at  138,5-139.5®.  Admixture  of  the  two  samples 
resulted  in  no  depression  of  the  melting  point. 


1.39  0,005  mole. 
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(3) 


Proof  of  Structure  of  N~{2,2-Elnitroethyl)"Piperldlne. 


5 


lOiCsa^iom  ^ m m ^ 

«■  V- WMIM  Mui  MlXMO.  V>L  WIUQ  U&ia&iO 


t 1 
V ' 


l.l.  _ 


4 . o,.,  0,01  raule^  this  material  was  prepared 

In  51^  overall  yield  from  nitromethane  via  l-nitro-2-propanol  and 
ljl-dinltro-2-propanol  according  to  the  procedure  of  Kaplan}®  was  suspended 
in  a mixture  of  water  (7  ml,)  and  ethyl  ether  (i<-0  ml,}.  The  mixture  was 
stirred  at  0°  while  eulfuric  acid  (0.50  M,  25  ml.,  0.0125  eq.uiv.)  was  added 
dropwlse.  The  pale-yellow  ether  solution  of  dinitromethane  was  separated. 


H°Methylolpiperidine  was  prepared  hy  adding  aqueous  f orifuidehyde 
(36^,  1^0  g,,  0.02U  mole)  to  piperidine  (1,2  g,,  O.lh  mole)  in  water  (3  ml.) 
at  0°,'^°The  product  saparatad  as  an  oil. 


The  ether  solution  of  dinitromethane  was  added  to  the  aqueous  suspensior! 
of  N-methylolpiperidine>  the  sitrred  mixture  was  cooled  in  an  ice-water  hath. 
The  pale-yellow  product  which  separated  was  filtered,  washed  with  ethanol 
and  ethyl  ether,  and  dried.  N- ( 2 , 2-Dinit roethyl ) -p iper Idlne  U,,90  g.)  was 
obtained  in  93»6^  yield,  m, p , loS, 0-108 . 5^^ ( dec , ) 1 recrystallization  from 
hot  water  did  not  change  the  melting  point  of  the  product.  Admixture  with 
a sample  of  N-(2,2-dlnltroethyl)-piperidine  prepared  from  1,1,1-trinltro- 
ethane  and  piperidine^  produced  no  depression  In  the  melting  point. 

(^)  Proof  of  St^cture  of  Trimethylammooium-N-(2-nltroethyl- 
2-nitronate} , ^Exchange  Reaction  with  Piperidine. 

Piperidine  (0,85  g»,  0,01  mole)  was  added  to  a stirred  mixture  of 
trlmethylammonl-um-N-(2-nltroethyl-2-nitronate)  (O.885  g,,  O.OO5  mole) 

In  water  (13  mi.)  at  50-60°,  The  solution  was  stirred  at  50-60°  for  5 hours,, 
then  evaporated  at  reduced  pressure.  The  yellow  solid  that  remained  was 
covered  with  absolute  ethanol,  crushed  and  filtered.  The  yield  of 
N-(2,2-dlnltroethyl) -piperidine  was  O.97C  g,  (95,6?6),  m.p. 

Admixture  of  this  material  with  the  samples  of  N-(2,2-dlnitroethyl)-plperidir-w 
previously  prepared  resulted  in  no  depression  of  the  melting  point, 

(5)  The  Beaction  of  l.l.l-Trlnitroethane  with  Guanidine, 

The  Synthesis  of  2>201nltrQethyiguanidine. 

A solution  of  guanidine  in  absolute  alcohol  was  prepared  In  the  follovL'ig 
manner; Sodium  ethoxide  was  prepared  from  sodium  (4.6  g.,  0,20  mcle)  and 
absolute  ethanol  (lOO  ml.).  Guanidine  carbonate  (18.C  g,,  0,10  mole  a 
0.20  mole  guanidine)  was  addedj  the  walls  of  the  flash  were  then  washed  wltha 
ethanol  (25  ml.).  The  mixture  was  stirred  for  15  minutes,  cooled  In  ice- 
water  for  10  minutes,  then  filtered.  The  precipitate  of  sodium  carbonate 
was  washed  with  several  portions  of  ethanol, 

1,1,1-Trinitroethane  (8,25  g.,  0,05  mole)  in  absolute  ethyl  ether 
(50  ml.)  was  added  dropwlae  to  the  ethanollc  solution  of  guanidine.  The 
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solution  turned  red,  and  heat  was  evolved.  The  reaction  mixture  was  then 
stored  at  0°  for  several  days.  The  orange  salt  that  formed  was  filtered, 
washed  with  ethyl  ethei  and  sucked  dry.  The  yield  of  crude  2,g-dlnltro- 
ethylguanldlne  was  8.1  g.  (92^).  The  product  was  recrystalllzed  from  boiling 
waterj  the  yeilov  needles  obtained  decomposed  at  196-199°  (the  material 
darkens  slowly  and  no  gas  Is  evolved;  determination  of  the  deociaposition 
point  is  rather  arbitrary). 

The  pure  product  is  very  slightly  soluble  in  cold  water  (pale-yellow 
solution)  and  on].y  slightly  soluble  in  boiling  water  (l  part  in  105  pares 
of  water  at  100^^;  it  is  insoluble  in  hot  or  cold  acecone,  av.etonj.;,rile, 
methanol  or  piperidine.  The  compound  is  soluble  in  acids  (colorlecs  solution) 
and  in  dilute  base  (yellow  solution),  The  pH  of  the  cold  aoueous  eolution 
Is  5,^-5. 5,  Its  uxtraviolet  spectrogram  showed  absorption  maxima  attributed 
to  gem-dinitre  reconauce  at  J>6km  p(log£,  s 4,23)  and  to  nitro  group 
resonance  at  225  (l'3g£  « 3*§8);  the  pattern  is  similar  to  thutie  obser'/ed 

for  other  1,1-dinitro  oompounds.®  The  infrared  speerrum  was  determined 
in  Nujol;  the  sharp  peak  observed  for  most  gem-dinitro  groups  at  6,3  p is 
absent.  Two  bands  were  observed  at  5.98 /.y  and  6 .OB  ? these  are  usually 
attributed  to  the  C=N  group^  and  may  indicate  an  aci-*nitro  as  well  as  the 
imino  group.  Weak  bauds  observed  at  6,65^./  , 7,5yCV  a>^d  ll,9yU  are,  most 
likely,  nitro  group  frequencies. 

This  compound  gave  a positive  nitrosamlne  fuiebermann)  test  (see 
Discussion),  This  chemical  evidence,  coupled  with  the  infrared  and  pH 
data,  suggests  that  2,2-dlnitroethylguanidlne  exists  mainly  in  the  form  of 
the  "zwitterion, " 

(6)  Proof  of  Structure  of  2,2-DlnltroethylEuanldine.  Alternate 
SyntheolB  by  Exchange  Reaction  of  Guanidine  with  Trlroethyl- 
ammcnium-N-t2-nltroethyl-2-nltrcnate ) , 

Guanidine  carbonate  (1,10  g,,  0.0C6  mole)  was  dissolved  in  water  (lO  ml  ) 
and  treated  with  0.999  N sodium  hydroxide  (12,0  ml,,  0,012  mole).  To  this 
solution  was  addel  trr,muthyl’smmo»iuin-N-(2-nitroethyl-2-nitronate)(l.77  g., 

0,01  mole)  and  water  (l5  ml,).  The  clear  yellow  solution  was  stirred  at 
4C-4^  for  5 hours.  Tne  temperature  of  the  mixture  was  then  slowly  raised 
over  a three  hour  period  (max.  temp,  = 80°);  heating  was  then  discontinued. 

On  cooling,  a yellow  salt  precipitated.  The  product  was  filtered,  washed 
with  ethanol  and  ethyl  ether  and  dried.  2,2-Dinltroethylguanldine  was 
recovered  in  0,24  g.  yield,  dec,  range  I85-1920.  On  evaporation  cf  the 
filtrate  to  ca,  half  its  original  volume,  another  0,26  g.  of  product  was 
cbtalned;  total  yield  0,50  g.  (28^),  iXirther  evaporation  yielded  a mixture 
of  water-soluble  salts  composed  principally  of  sodium  carbonate. 

The  product  of  this  reaction  will  be  compared  directly  with  that  from 
reaction  of  guanidine  and  1,1,1-trinltroethane  by  means  of  X-ray  diffraction 
patterns.  Further  proof  of  identity  will  be  furnished  hy  the  preparation 
and  analysis  of  suitable  derivatives. 
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( 7 ) Reaction  of  Trlmetliylammonium-N-(g-nltroethyl-2-nitronate) 
with  Bromine. 

Trim0thylammonlum-N-(2-nitroethyl-2-nitronate) (0,50  g.^  0.0029  mole) 
ves  dissolved  in  water  (5  ml.).  The  solution  was  vigorously  stirred  while 
bromine  (O.Ul  g,,  O.OO256  mole)  was  added  dropwiae.  Tlie  bromine  layer 
gradually  disappeared  as  orange  crystals  formed.  The  mixture  was  stirred 
in  an  ice-water  bath  for  I5  minutes,  then  filtered.  The  waxy  solid  was 
pressed  dry  between  sheets  of  filter  paper;  0,?6  g.  (88^  calcd.  as  "dlbromide"' 
was  obtained,  m.p.  77.5°  (doc.  with  evolution  of  bromine  vapors). 

The  product  is  insoluble  in  ether,  cold  ethanol  and  cold  water  (the 
waxy  material  is  not  wet  by  water) . On  warming  in  ethanol  or  water,  the 
"dlbromide"  dissolves;  on  cooling,  the  salt  is  not  reprecipitated.  The 
product  is  soluble  In  cold  acetonitrile.  When  ether  is  added  to  the  warm 
ethanol  solution  of  the  "dlbromide",  a white  precipitate  is  formed.  This 
appears  to  be  trl methyls mmonlum  bromide;  m.p.  2kh—2h6°  (Fischer  m.p.  block, 
sublimation  below  the  melting  point  was  observed).  The  literature  values-^ 
for  this  compound  are  m.p.  243-245°;  sublimation  about  200°, 

(8)  Selective  Reduction  of  5f5-Dinltro-2-hexanone  to  5,5-Dlnitro-P- 
hexanol  using  Sodium  Borohydrlde. 

a.  Acid  Medium;  5j 5-75i*iitro-2-hexanone  (l9.0  g.,  0.10  mole)  was 
dissolved  in  a solution  of  methanol  (90  ml.)  and  water  (45  ml,);  sodium 
borohydrlde  (2.00  g.,  O.05  mole)  in  water  (50  ml,,  one  drop  of  6 N sodium 
hydroxide  added)  was  added  dropwlse  in  3 hours.  The  reaction  solution  was 
kept  at  20-25°  during  the  addition  and  the  pH  was  maintained  below  5 by 
adding  ^ sulfuric  acid  when  needed.  When  the  addition  of  the  hydride  was 
completed,  the  pH  of  the  solution  was  adjusted  to  2,  and  water  (50  ml.)  was 
added  to  decompose  any  salts  formed.  The  reaction  mixture  was  extracted 
with  ethyl  ether  while  salting  out  the  organic  material  with  sodiiim  chloride. 
The  ether  extract  was  washed  with  brine,- dried  with  sodium  sulfate  and 
distilled  to  yield  5^5-dinltro-2-hexano3r  (15.OI  g,,  78.29a  conversion), 

b.p.  114°  (1.1  mm,),  1,4630.  The  forerun  (0.74  g,),  b.p.  llC-114'^ 

(1.5  mm.),  1.4614,  was  a mixture  of  product  and  starting  material. 

b.  Neutral-basic  Medium;  5.5-I^initro-2-hexanone  (l9,0  g.,  0,10  mole) 

was  dissolved  in  methanol  (?0  ml.)  and  water  (30  ml.);  sodium  borohydrlde 
(2,00  g.,  0,05  mole)  In  water  (30  ml.,  one  drop  of  6 N sodium  hydroxide  was 
added)  was  added  dropwlse  (15  minutes;  while  the  reaction  mixture  was  shaken 
in  an  ice-water  bath.  The  solution  was  yellow  and  considerable  gas  was 
evolved  near  the  end  of  the  addition.  The  pH  of  the  solution  at  this  point 
was  8,7.  Sulfuric  acid  (3M)  was  added  to  the  cold  reaction  solution  until 
the  pE  was  2.  The  color  changed  to  blue-green  during  the  acidification  stop. 
The  mixture  was  extracted  with  ethyl  ether;  the  organic  matter  was  salted 
out  trlth  sodium  chloride.  The  ether  extract  was  dried  with  sodium  sulfate.-, 
then  distilled  to  yield  5/5-dlnltro-2-hexanoF  (l0,46  g.,  54,5?^  convereion), 
b.p.  114-116  (1.3  mm.).  The  forex"un  (0.27  g.),  b.p.  to  ll4°  (1.3  mm,), 

was  a mixture  of  product  and  starting  material. 
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(9)  Selective  Beductlon  qi  ^,U-Dinltro-l-pentanal  to 
t<^,4-Plnltro-l-pentanol  usinR  Sodium  Borohydrlde, 

Sodium  borohydrlde  solution  (0.795  g..  0.021  raole^  in  10  ml.  of  vater 
containing  one  drop  of  6n  sodium  hydroxide)  vas  added  dropwlse  (15  minutes) 
to  a stiri'sd  solution  of  ii^U-dinltro-l-pentanal  (7.27  g.>  0.0413  raole), 
methanol  (25  ml.)  and  water  (lO  ml.)  cooled  in  an  ice-water  mixture.  The 
pH  of  the  mixture^  after  the  reaction  was  completed,  was  9.?.  The  solution 
was  partially  neutralized  with  urea-acetic  acid  solution  (10  ml.,  0.028  mole 
each  of  acetic  acid  and  urea;  the  pH  after  the  addition  was  6);  the  pH  vas 
then  adjusted  to  3 by  adding  18  N sulfuric  acid  (2  ml,).  The  blue-green 
acidic  solution  was  extracted  with  ethyl  ether;  the  ether  extract  was  dried' 
with  sodium  sulfate  and  distilled  to  give  4,4-dinitro-l-pentanol°(4,97 
67.6^  yield),  b.p.  Il4-ll6°  (l.2  mm.). 

(10)  Preparation  of  l-(Hltromethyl) -cyclohexene. 

20 

The  procedure  of  Dauben,  et  al,  was  employed.  Cyclohexanone 
(56.7  g.,  0.58  mole),  nltromethane  t66.7  g.,  I.09  moles)  and  piperidine  (3  r- 
wei*e  allowed  to  stand,  with  occasional  shaking,  over  anhydrous  magnesium 
sulfate  (30  g.)  for  7 days  at  room  temperature.  The  red  solution  was 
filtered  through  anhydrous  magnesium  sulfate.  Distillation  of  the  filtrate 
yielded  the  following  fractions: 


Fract, 

Bolling  Range 

Weight 

20,5 

Composition 

1 

35-55'=  (40  mm.) 

25.7  g. 

1.3900 

Nltromethane 

2 

55-80°  (20-40  mm.) 

8,9  g. 

1.4460 

Nltromethane  and  Cj 
hexanono 

3 

80-103°  (19-20  Dim.) 

9.8  g. 

1.4695 

Cyclohexanone  and 
1- ( Nltromethyl ) - 
cyclohexene 

4 

103-105  (19  mm.) 

40.9  g. 

1.4815 

1- ( Nltromethyl ) - 

cyclohexene 


The  cnide  yield  of  l-(nitromethylcyclohexeDP!  is  50.7  g.  (62^6).  The 
infrared  spectrogram  of  this  compound  shows  that  the  double  bond  is  not 
conjugated  with  the  nlt^  group; 21  this  verifier  the  chemical  evidence 
given  by  Fraser  and  Kon^  and  others. 

(ll)  Preparation  of  Methyl  4-Nltrcpentanoate  and  Dimethyl 
4-Methyl-4-nltroheptanedioate. 

8.  Trlethylamine  Catalyst;  With  minor  variations,  the  procedure  of 
Kloetzel^**^  was  used,  ^Nltroethane  (675  g.,  9 moles),  methyl  acrylate 
(264  g,,  3 moles)  and  trlethylamine  (152.5  g.,  1.5  moles)  were  mixed  at 
room  temperature.  On  standing  for  4 hours,  the  temperature  of  the  mixture 
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rose  to  and  tho  color  was  green.  The  solution  was  placed  in  a water 
bath  to  moderate  the  temperature;  the  solution  was  stored  at  for 

4 days. 

The  solution  was  extracted  with  l3^  hydrochloric  acid  (400  ml.). 

Ethyl  ether  and  brine  were  added  to  aid  in  separation  of  the  organic  and 
aqueous  layers.  The  organic  layer  was  distilled  to  yield  (a) 
methyl  4-nitropentan^te  (514.8  g.,  6^,1$  conversion),  b.p,  88-91°  (2-5  mm.), 
1,4545-1.4366,  d^^  1.128,  and  (b)  dimethyl  4-methyl-4-nltroheptanedioate 
(74,5  g.,  20,1^  conversion),  b.p.  125-i4o*  ( 0.6-1. 1 mm. ) .’  The  latter 
product  was  not  reported  by  Kloetzel. 


( 12) . Oxidative -Nit rat ion  of  Methyl  4~Mitropentanoate;  Methyl  4.4~ 
Dinitropent.inoate . 

Methyl  4-Dinit ropentanoate  - Methyl  A-nitropontanoate  (113  S.,  .70  mole' 

in  methanol  (.140  mir}  v7as  added  in  30  minutes  to  a solution  of  sodium  (18g,, 
0.7s  mole)  in  methanol  (450  ml.)  at  0-2"  in  a 2-liter,  3~necked  flask 
equipped  with  a mechanical  stirrer,  dropping  funnel,  and  thermometer.  A 
solution  of  ice  cold  sodium  nitrite  (53  g.,  0,77  mole  in  500  ml.  water)  was 
then  added  to  the  mixture  at  temperatures  below  5°.  The  resulting  solution 
was  then  poured  into  a stirred  mixture  of  silver  nitrate  (218g.,  ,13  mole); 
ethyl  ether  (2CC  ml.)  and  water  (lOO  ml.)  at  0—5°,  A complex  formed  wnic.i 
quickly  turned  blackj  gases  were  evolved  and  the  temperature  of  the  mixture 
rose.  After  the  suspension  had  been  stirred  for  10  minutes,  hydrochloric 
acid  (a  fev/  ml.)  was  added  and  the  mixture  was  filtered.  The  aqueous 
filtrates  were  extracted  with  ethyl  etherj  the  filter  residue  was  washed 
with  methanol  (3  x 200  ml.)  After  the  methanolic  extracts  had  been  distil] ed 
steam  bath  to  remove  methanol,  the  cooled  residue  was  dissolved  in 
ethyl  ether.  The  ether  extracts  were  dried  with  sodium  sulfate;  the  ether 
was  evaporated;  and  the  residue  was  distilled  at  reduced  pressure  to  give 
methyl  4,4-dinitropentanoate  (107  g.,  72^  yield);  b.p,  90-91"  (0,5  mm), 
lit.  2594-97*  (0. 6-0.7  mm.);  nn^7.5  1.4457,  lit.  25  1.4456 


(13).  Reduction  of  Methyl  4-Nitrobutyrate  with  Lithium  Borohydride; 

4-Nitro-l-butanol , 

4-N it ro-l-but ano 1 , - A solution  of  methyl  4~nitrobutyrate  (18.84g., 

,125  mole)  and  ethyl  ether  (50  ml.)  was  added  to  a 0.57  molar  solution  (310  r.l) 
of  lithium  borohydride  in  ethyl  ether.  An  exothermic  reaction  occui-red 
which  resulted  in  the  formation  of  a vrtiite  precipitate  and  the  evolution  of 
a flammable  gas  (probably  hydrogen  or  diborane).  After  the  initial  reaction 
had  subsided,  the  mixture  was  refluxed  for  4 hours.  The  mixture  was  then 
cooled  to  0-2"  and  a solution  of  phosphoric  acid  (855!=,  30  ml,)jUrea  (lOg.) 
and  water  (120  ml.)  was  added  at  a rate  such  that  the  temperature  was  main- 
tained below  5®.  The  mixture  then  consisted  of  a lower  aqueous  layer  con- 
taining some  insoluble  matter  (v^ich  dissolves  on  further  dilution)  and 
an  upper  c.Torless  layer  of  tetrahydrofuran  which  contaii;s  the  reduction 
products.  Hydrochloric  acid  was  added  to  raise  the  pH  of  the  mixture  to  1; 
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the  mixture  vas  distilled  from  a steam  bath  to  remove  tetrahydrofuran  and 
to  hydrolyze  the  borate  esters.  The  residue  was  cooled  to  room  temperature^ 
saturated  with  sodium  chloride,  and  extracted  with  ethyl  ether  ( 5 x 70  ml,). 
After  tne  extracts  had  been  dried  with  sodium  sulfate  and  then  evaporated, 
the  residue  was  distilled  at  reduced  pressure  to  yield  U-nitro-l-butanol 
(7.92  g.,  55^  yield),  b.p.  7^-73°  (0.5  mm.),  lit.'^^  b.p.  103-103. 5°(2  mm.); 

1.4*508,  1.4510.  A small  quantity  of  red  residue  which 

contained  boron' 'compounds  1‘emalned  in  the  distilling  flask. 

The  ratio  of  lithium  horohydride  to  nitro  ester  in  this  experiment  was 
1.5*1*  The  use  of  smaller  ratios  resulted  in  the  recovery  of  some  unreduced 
starting  material. 

(l4)  Reduct] on  of  ypthyi  4-Methyl-4-nitropentancate  with  Lithium 
Borohyuride;.  ~^i--b-oi.hyi-4-  5.itro~-l-pentanol. 

4-Methyl-4-  rlT.ro-'l  protanol.  * A mixture  of  methyl  4-methyl-4-  nitro- 
pentanoate  C2I  g 0.12  moliri*  in  ethyl  ether  (50  ml.)  was  added  to  a O.57  M 
solution  (125  r.'il,,  .071  mole)  of  lithium  horohydride  in  tetrahydrofuran. 

After  a mild  exothermic  reaction  had  occured,  the  mixture  wee  refluxed  for 
3 hours.  The  mixture  then  coauisted  of  a clear  solution  containing  a small 
amount  of  suspended  geiatlnous  matter.  The  mixture  was  cooled  to  r,om 
temperature  and  hydrochloric  acid  (100  ml.,  6 N)  was  added.  The  re3ulti»^g 
two-layer  system  diotllled  to  remove  the  solvents  and  hydrolyse  any 
horate  esters  that  were  present.  The  residue  «p3  cool.ed  to  room  temperaturo 
saturated  with  sodium  cnloride,  and  extracted  with  ethyl  ether  (5  x 60  ml). 
After  the  ether  extracts  had  been  dried  over  sodium  sulfate  and  evaporated, 
the  residue  wad  distilled  at  reduced  pressure  to  yield  4-n;etnyih4-nltro-l  • 
pentanol  (17.0  g.,  96^  yield);  b.p.  85-84°  (0.3  mm.),  lit. '■^^111-115°  (3  m;r.)^ 

1.4505,  l\t  -.v'9-3  1.4507. 

\l.j)  Reduction  of  Methyl  4,4-I>inltroccataaoate  with  Lithium 
Borohydrlde;  4,4 -lanltro-l-pentanol. 

By  using  the  preceding  procedure,  methyl  4,4-dinitropentancate  (26  g., 

,12  moles)  was  reduced  with  O.57  M lithium  borchydrlde-tetrahydrofuran 
(125  ml.,  .071  moles)  to  give  4,4-dinitro-l-pentanol  (l7  g.)  in  7h%  yield; 
b.p.  102-104°  (0.3  mm.),  lit 9 109-110°  (0.8  mia.);  n^9.5  1^4570,  nt 

n“-°  1.1.669. 

{ 16 ) Reduction  of  Me^h.yl  4-Uitropentanoate  with  Lithium  Eoroh.ydrlde; 
h/l-4-r.  ;+r  o- 1 - pentanol . 

4-Nitropentanol , - A mixture  of  methyl  4-nitropentancat‘2  (19.21  g., 

0,21  mole,'  in  ethyl  ether  (50  m].,)  was  added  to  a 0.57  M solution  (135  ml., 
.078  moles)  of  lithium  borohyd-ide  in  tetrahydrofuran.  A mild  exothermic 
reaction  occured  and  the  irii.'riure  was  refluxed  for  3 hours.  A white 
precipitate  formed  slc-v?ly.  Tne  mixture  was  then  cooled  to  0-2°  and  a aoluti»on 
of  phosphoric  acid  (85^,  10  ml,),  urea  (5  g.)  and  water  (40  ml.)  was  added 
at  a rate  such  that  the  temperature  was  maintained  below  5°.  A small 
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quantity  of  hydrugen  was  evolved.  The  mixture  then  consisted  of  a lov/er 
aqueous  layer  and  an  upper  colorless  layer  of  tetrahydrofuran  containing 
the  reduction  products.  Hydrochloric  acid  was  added  to  raise  the  pH  of 
the  mixture  to  1 and  the  mixture  was  distilled  from  a steam  bath  to  remove 
the  tetrahydrofuran  and  to  hydrolyze  the  borate  esters,  The  residue  was 
cooled  to  room  temperature,  saturated  with  sodium  chloride,  and  extracted 
with  ethyl  ether  (3  x 60  ml.).  After  the  extracts  had  been  dried  with 
aodiiun  sulfate  and  then  evaporated,  the  residue  was  distilled  at  reduced 
pressm-e  to  yield  4-nitro-l-pentanol  (9.6g.,  yield):  b-p.  ?2-73''(0„5mr!u) 
iit.’^^^b.p,  91-92“  (1mm. )j  1,4400  j litJjS^  1.4475.  ^ 

(17)  Reaction  of  Methyl  Magnesium  Iodide  with  2-Methyl-l^attropropene 
in  the  Absence  of  Free  Maffneslum;  Isolation  of  g^g-DImethyl-l- 
Pitropropane  and  g,g,3t3-Tetrafflethyl~i,^-aiattrobutane. 


Methyl  magnesium  Iodide  (O.15  mole)  in  dry  ethyl  ether  (70  ml.)  was 
prepared  in  the  usual  manner:  magnesium  turnings  (3.7  g./  O.15  mole)  were 
added  to  a 300  ml,,  three-necked  flask  equipped  with  a reflux  condenser  and 
drying  tube,  a sealed  stirrer,  and  a dropping  funnel.  After  flaming  and 
cooling  the  flask  under  a flow  of  nitrogen,  e solution  of  methyl  iodide 
(21.3  g.,  0,15  mole)  in  dry  ether  (70  ml.)  was  added  to  the  magnesium. 

The  methyl  iodide  was  added  slowly  at  first  until  a reaction  was  initiated 
and  then  more  rapidly  with  occasional  cooling.  The  mixture  was  refluxed 
on  a water  bath  for  30  minutes  and  filtered  through  a sintered  glass  disc 
into  a flask  containing  the  same  equipment  as  above. 

The  Grignard  reagent  was  cooled  to  0*^  and  2-methyl-l-nltropropene 
(15.2  g.,  0.15  mole)  la  dry  ether  (25  ml.)  was  added  dropwise  in  2 hours 
at  0°.  A vigorous  reaction  and  formation  of  a solid  complex  occured  upon 
introduction  of  each  drop  of  2-methyl-l-nltropropene.  The  mixture  was 
acidified  at  0°  with  aqueous  acetic  acid  (15  ml.  of  glacial  acetic  acid 
in  100  ml.  of  water);  stirring  was  difficult  until  the  complex  had 
dissolved.  The  ether  layer  was  separated;  the  aqueous  layer  was  extracted 
with  ether  ( iCO  ml.).  The  combined  ether  extract  was  neutralized  with 
sodium  bicarbonate  and  washed  with  yfo  sodium  bicarbonate  solution  (2  x 100  ml. 
water  (lOO  ml.)  and  saturated  sodium  chloride  solution  ( lOO  ml.).  Tlie 
ether  solution  was  dried  over  anhydrous  sodium  sulfate.  Distillation  of 
the  product  at  reduced  pressures,  after  removal  of  the  solvent,  gave 
crude  2,2-dimethyl-l-nitropropane  (9.18  g.,  0.0785  mole,  52.256  theory) 
b.p.  76-78*^  (65  mm.),  1.4213-1.4256,  Redistillation  of  this  volatile 

product  gave  the  following  fractions: 


b.p. 

We ight 

(1) 

35-72'’  (63  mm.) 

0.74  g. 

(2) 

72-74°  (60-63  mm.) 

1.4l 

(3) 

74-74.5°  (60  mm.) 

2.80 

(4) 

74.5-74°  (60  mm.) 

1.82 

(5) 

74-72°  (58-60  mm.) 

1.05 

20 

^20 

MRjj  (found) 

l.4i8o 

0.9524 

31.01 

1.4209 

1.4219 

0.9569 

31.11 

1.4259 

1.4291 

0.9681 

31=20 
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The  2,2-dimethyl-l-nitropropane  ia  not  pure  and  infrared  analj'^ses 
are  being  made  to  identify  the  contaminant  (presumably  ?-methyl-l- 
nitropropene):  lit.^o  ^.p.  77-78^^  (65  mm.)j  150-151°)  m.p.  15-1*^°) 

1.4099,  d^O  0.9494. 

The  residue  from  the  first  distillation  solidified  and  was  recryetallized 
once  from  ethanol  to  give  crude  2,2, 3, 5”tetramethyl-l,4-dinitrobutane 
(0,98  g.,  0.0048  mole,  6.4^  thoory)^m.p.  135-157°.  Four  recrystallizationa 
from  ethanol  gave  a very  pure  product,  m.p.  l4l-l42°,  which  gave  no 
depression  in  melting  point  when  mixed  with  an  authentic  sample. 8 

(18)  Beaction  of  Methyl  Magnesium  Iodide  with  2-Methyl-l-nltropropene 
in  the  Preser ce  of  Free  Magneslug;  Isolatl on  of  2,2-Dlmethyl-l- 
ritropropane  and  2>2,3.3"TetHmethyl-l,4-dlnitrobutane. 

2-Methyl-l-nitropropene  (15.2  g.,  O.15  mole)  in  ether  (25  ml.)  was 
added  in  1,5  hours  at  0°  to  methyl  magnesium  iodide  (2li-.9  g.,  0,15  mole, 

1.87  W in  ethyl  ether)  and  magnesium  (3.65  g.,  0,15  mole)  contained  in  a 
dry  (flamed)  300  ml.,  three-necked  flask  equipped  with  a reflux  condenser 
and  drying  tube,  a sealed  stirrer,  and  a dropping  funnel.  A vigorous 
reaction  and  the  formation  of  a complex  occured  upon  the  introduction  of 
each  drop  of  2-methyl-l. nitropropene.  After  addition  vas  completed,  the 
mixture  was  stirred  for  15  minutes  at  O”  and  then  acidined  at  0°  with 
aqueous  acetic  acid  (l5  ml.  of  glacial  acetic  acid  in  lOO  ml,  of  water); 
stirring  was  difficult  until  the  complex  had  dissolved.  The  reaction  mixture 
was  then  filtered  from  the  magnesiiun.  The  ether  layer  vas  separated;  the 
aqueous  layer  was  extracted  with  ether  (lOO  ml,).  The  combined  ether 
extract  was  washed  with  yja  sodium  bicarbonate  solution  tintil  evolution  of 
carbon  dioxide  was  complete,  then  with  water  (100  ml.)  and  finally  with 
saturated  scdiiira  chloride  solution  (lOO  ml.).  The  ether  solution  was  dried 
over  anhydrous  sodium  sulfate.  Distillation  of  the  product  at  reduced 
pressures,  after  removal  of  the  solvent  on  a steam  bath,  gave  2,2-dimethyl- 

1- nltropropane  (7.57  g.,  0.0646  mole,  43.1^  theory)  as  a light  yellow 

liquid,  b.p,  76-77.5°  (65  mm.),  1.4191-1.4222. 

The  residue  from  the  distillation  was  recryetallized  once  from  ethanol 
to  give  crude  2,2,3,3-tetramethyl-l,4-dinitrobutane  (0.95  g.,  0.0045  mole, 

6,2$  theory) . Four  recrystallizations  from  ethanol  gave  a very  pure 
product,  m.p.  l4l-l42°,  which  did  not  depress  the  melting  point  of  an 
authentic  sample. 

(19)  Beaction  of  Methyl a iAijn  Iodide  and  2-Mcthyl-l-gttropr-Qpene. 

Dry  ethyl  ether  (70  ml.),  dry  benzene  {55  ml.)  and  powdered  magnesium 
(0.l4  mole,  5.40  g.)  were  placed  in  a 300  ml.,  round -bottomed  flask  equipped 
with  a dropping  funnel,  a sealed  stirrer  and  a reflux  condenser  with  drying 
tube.  Iodine  (8.88  g,,  0.07  mole,  dried  over  sulfuric  acid)  was  added  in 
small  portions  such  that  the  mixture  refluxed  gently.  Tlie  clear  solution 
(powdered  magnesium  was  present)  was  cooled  to  0°,  and  a solution  of 

2- methyl-l-nitropropene  (7.08  g,,  0,07  mole)  in  benzene  (25  ml.)  was  added 
dropwlse  in  30  minutes  at  0°.  As  the  nltroolefin  was  added,  the  solution 
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turned  brovnish-red  in  color.  After  stirring  overnight  In  an  ice  bath,  a 
black  gum  was  present.  Aqueous  acetic  acid  (6  ml.  of  glacial  acetic  acid 
in  ?0  ml.  of  water)  was  added  at  0°,  The  solvent  layer  was  separated 
from  the  black  gum  and  raagnesiumj  the  gummy  product  waa  dissolved  in 
ethanol  and  quickl3‘  filtered  from  the  magnesium.  The  solvent  layers  were 
ccmbinod  and  washed  with  5^  sodium  bicarbonate  (2  x 100  ml,),  water  (100  ml.) 
and  saturated  sodium  chloride  solution  (100  ml,).  After  drying  the  solution 
over  anhydrous  sodiian  sulfate  and  removal  of  the  solvents  on  a steam  bath, 
a brown  oil  (2,7  g;)  remained  which  could  neither  be  distilled  at  reduced 
pressures  nor  recrystallized. 
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